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Abstract 
Gear hobbing is one of the most productive manufacturing processes for cylindrical gears. The quality of the gears is a result of 
the tool quality, the precision of the workpiece, tool clamping and kinematics of the machine. The dry gear hobbing process 
allows machining of gears with a quality according to the DIN standard of up to IT 5. To evaluate which gear quality is possible 
to machine with a given clamping and hob it is useful to simulate the process in advance. This is also an opportunity to order the 
required quality of the hob according to its application. 
The objective presented in this paper is to simulate non-ideal gear hobbing processes and to calculate the geometry and 
topography of the workpiece. To achieve this goal, a simulation for continuous gear hobbing was developed. By calculating 
planar intersections of transverse sections of both gear and tool, the resulting gear geometry is determined. Beside it is possible to 
calculate different characteristic values for the hobbing process such as chip thickness and cutting volume. By an evaluation of 
tool and clamping tolerances these deviations can be used to modify the simulation model. Afterwards a non-ideal hobbing 
simulation can be performed and the resulting gear geometry can be analyzed using a virtual measurement machine. An 
advantage of this non-ideal simulation is also the possibility of calculating the tool load taking these deviations into account and 
to use the results for further process designs to reduce the risk of tool failure. 
The virtual measurement machine analyses the geometry according to VDI/VDE 2612/2607 and DIN 3961. The resulting 
measurements of the flank and lead lines can be used for a classification of the gear quality. By using this simulation program it 
is possible to reduce the costs and time effort of setting up a new hobbing process. 
© 2015 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the Scientific Committee of 48th CIRP Conference on MANUFACTURING SYSTEMS - CIRP CMS 
2015. 
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1. Introduction 
Gear hobbing is one of the most productive manufacturing 
processes for cylindrical gears [1]. The quality of machined 
gears results of the accuracy of the tool, the clamping of tool 
and workpiece as well as kinematic errors of the hobbing 
machine [2,3]. The measurement of the gear is realized 
according to VDI/VDE 2612 [11] or DIN 3961 [5] in 
direction of profile and lead of the workpiece. Also the 
deviations of pitch and the radial-run out are measured. As 
stated in DIN 3962-1 the resulting gear quality is calculated 
for various module sizes and is divided into twelve different 
quality groups. 
If a certain quality of the workpiece is requested by the 
design department, the production planner has to select a 
sufficient tool and clamping for manufacturing process. 
Because the price of tool and clamping depends on the 
precision, it is desirable to select only the essential 
combination. 
 
Nomenclature 
αn0/2 normal pressure angle of the workpiece (0) and tool (2) 
β2 helix angle of the workpiece  
da0 outside diameter of the tool 
δx generated cuts 
δy feed marks 
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Ecc eccentricity 
fa axial feed 
Ffs deviation of the tool profile line  
Fβ deviation of the workpiece lead line 
Ff deviation to the ideal profile  
frk concentricity of the tool tip 
frp deviations due to eccentric clamping  
fta axial pitch of the tool 
mn normal module 
n0 number of gabs of the tool 
z0 number of threads of the tool 
z2 number of teeth of the workpiece 
2. State of art 
2.1. Gear hobbing 
Gear hobbing is a continuous generating process which can 
be compared to kinematic conditions of worm and 
wormwheel. The workpiece is represented by the wormwheel 
whereas the hobbing tool is designed like the worm (Fig. 1, 
top, left). By a continuous rotation of the tool the cutting 
movement is realized. An axial feed of the hob across the face 
of the gear is superimposed upon the tool rotation. [1] 
Due to the kinematic coupling, characteristic cutting 
deviations occur on the flanks and the tooth root of the 
workpiece. These deviations are called feed marks (Fig. 1, 
middle) and generated cuts (Fig. 1, bottom). The feed marks 
are oriented in direction of the workpiece width and the 
generated cuts occur in profile direction. 
 
 
Fig. 1. Characteristic cutting deviations in the gear hobbing 
The height of the feed marks mostly depends on the axial 
feed and the outside diameter of the hob. Typically the height 
of the feed marks is greater than the height of the generated 
cuts. These generated cuts are mostly depending on the 
number of gaps and threads of the tool. For both deviations 
analytical formulas (1) and (2) exist [6]. But these formulas 
only calculate the deviations for an ideal process.  
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These characteristic deviations are superposed by 
tolerances of tool, clamping and machine kinematics. The total 
deviation is a combination of the described characteristic 
deviations as well as the deviations caused by tolerances of 
tool, clamping and kinematics [2]. With the knowledge of the 
total deviation in the process, the resulting gear quality can be 
determined. 
2.2. Simulation of the resulting geometry 
In [7] and [8] the simulation software SPARTApro for 
calculating characteristic values for the gear hobbing process 
was introduced. By executing a penetration calculation, values 
as the chip thickness and cutting length are calculated. This 
software is enhanced to be capable of simulating the surface 
topography of the workpiece. Therefore, the resulting gap 
geometry is compared with an ideal gear geometry, like 
shown in Fig. 2. This can be also calculated by other software 
products like the GearGenerator [9] developed at the WZL. 
The GearGenerator uses the basic requirements of a gear tooth 
system [10] to calculate the ideal gap geometry. The 
simulated surface can be measured and analyzed in any 
direction with a virtual measurement machine developed in 
the last year. 
The analyzing is done according to VDI/VDE 2612 [11]. 
Other than previous presented solutions for simulating 
deviations in gear hobbing [12]. 
 
 
Fig. 2. Approach for calculating the gear quality 
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SPARTApro is not based on a mathematical calculation 
model but a geometrical penetration calculation. This gives 
the possibility to calculate the tooth root geometry and also 
the characteristic values such as chip thicknesses or cutting 
length for a given non-ideal process. With these values a 
cutting force calculation and a design of cutting parameters is 
possible [6]. 
2.3. Tolerances in the hobbing process 
Deviations in the hobbing process can occur as tolerances 
of the tool and workpiece or due to displacements in the 
clamping of tool and workpiece. The tolerances of the tool are 
defined in DIN 8000 [13]. Fig. 3 shows deviations which can 
occur at the tool. These are deviations of the pitch, the 
concentricity or the flank profile. The flank profile can differ 
from the ideal profile because of tolerances in manufacturing 
of the hob or due to tool wear. There are several types of pitch 
deviations, which can be consolidated to the axial pitch 
between two teeth of the hob. 
On the tool clamping two different types of deviations 
have to be taken into account. These are tumbling and 
eccentricity deviations, as shown in Fig. 4. While the 
tumbling leads to a tilt of the tool profile and to an 
eccentricity, which depends on the distance of the hob tooth to 
the hob axial middle, the eccentricity causes an evenly 
changing radial run out of the tool profile. 
 
 
Fig. 3. Profile deviations of the tool 
 
 
Fig. 4. Errors of the clamping 
 
3. Simulation of deviations in gear hobbing 
After identifying possible tolerances and deviations of tool 
and the clamping of the tool, the maximum of each tolerance 
within the tolerance field has to be determined. The tolerances 
of the tool are defined in DIN 3968 [14] and depend on the 
module and the quality category of the hob. There are five 
grades for the quality but only the two best are relevant in 
praxis nowadays. These quality grades are saved in the 
software and can be selected. In the following a gear with a 
module of mn = 2.56 mm is selected. Therefore Table 1 shows 
the maximum of each tolerance class for a hob with this 
module. 
Table 1. Tolerances for the module range mn = 2.5 mm – 4 mm 
Tolerance A AA 
Axial pitch 19 µm 11 µm 
Profile deviation (tolerance) 14 µm 8 µm 
Profile deviation (tool wear) 18 µm 18 µm 
Tumbling 5 µm 3 µm 
Eccentric 25 µm 16 µm 
As shown in Table 1, the profile deviation and the 
eccentricity have the highest maximum values. So these two 
deviations will be analyzed in the further investigations. 
To determine the effect of each deviations, first the surface 
topography as well as the profile and lead measurements of a 
gear machined with an ideal hob and clamping is simulated. 
Fig. 5 shows in the lower third, the data of workpiece, tool 
and process which is simulated. At the top of Fig. 5, the 
surface topography of an ideal gap is shown as a mountain 
map.  
 
 
Fig. 5. Topography and measurements of an ideal gear 
Axial pitch deviation Deviation of the profile
Deviation in concentricity of the tip Deviation of the profile (wear)
Tool tumbling deviations Eccentric clamping
mm
5
μm5
mm
5
μm20
workpiece:
mn = 2.56 mm
z2 = 40
αn2 = 17.5°
β2 = 23°
b = 24 mm
tool:
da0 = 80 mm
z0 = 1
ni = 16
process:
Climb Cutting
fa = 2.4 mm
topography
ge
ar
 w
id
th
-5
15
0
5
10
μm
profile line lead lne
left flank root right flank
ine
690   Fritz Klocke et al. /  Procedia CIRP  41 ( 2016 )  687 – 691 
In the depicted surface topography dashed lines are shown. 
On these lines measurements of the profile and lead are 
performed. The measurement results of the profile as well as 
of the lead show a deviation of 5 µm to the ideal flank. 
According to DIN 3961 this is a gear quality of IT 5 which is 
close to the best quality which can achieved in the hobbing 
process. 
After simulating the ideal workpiece a simulation of a tool 
with eccentric clamping is analyzed. The eccentricity in this 
simulation is set to Ecc = 60 µm was simulated. This high 
eccentricity is an error because it is not in the tolerance of the 
tool, see Table 1. 
In Fig. 6 results of the simulation are depicted. As it is 
shown the surface topography differs from the ideal surface. 
The dashed lines represent the measurement path for the 
profile and lead lines. Analyzing the measurements show 
nearly the same deviations in direction of the workpiece width 
as in the ideal simulation but much higher deviations of the 
profile. These profile deviations have a maximum value of 
Ff = 32 µm, which is the maximum distance to the ideal flank. 
A deviation like this results in a gear quality of IT 10. In 
comparison to the simulation results the measured profile and 
lead lines of a hob test gear are plotted in the same graph. For 
the profile, simulation and trial are nearly identical and, 
besides the not simulated helical error, also the lead lines 
coincides. 
Besides this big deviation of the tool run-out also an 
eccentricity of Ecc = 25 µm, which is the maximum for a 
grade ‘A’ hob, is simulated. The resulting deviation in the 
profile of the gear in this case is Ff = 12 µm. A profile 
deviation of 12 µm leads to a gear quality of IT 7 for a gear 
with a module of mn = 2.56 mm. 
 
 
Fig. 6. Resulting gear quality of hobbing with deviations 
The described method for analyzing the deviations is 
integrated in the simulation program SPARTApro. The 
graphical output of the simulation program is based on the 
design of measurement sheets of gear measurement machines. 
At the top of the output three measurements of the profile for 
the left and also the right flank are shown. While the gear 
measurement machines measure a specific number of teeth of 
the gear the software only measures one tooth on different 
heights. By only analyzing one tooth it is not possible to 
measure radial run-outs or pitch errors but instead it is 
possible to analyze modifications of the profile and the lead. 
In the lower half of the graphical output, the measurements 
of the leads are displayed. For each flank the measurement 
results are depicted for three diameters of the gear. Below 
each measurement plot the numerical values of the profile and 
lead modifications are displayed. 
4. Simulation of characteristic values regarding tool 
deviations 
After calculating the workpiece geometry and analyzing 
the resulting gear quality, the influence of tool deviations on 
the characteristic values in the hobbing process will be 
discussed. In this paper the focus is on the maximum chip 
thickness and the chip volume. The chip thickness is one of 
the most important characteristic values for process design in 
machining with defined cutting edges [15,16]. The chip 
volume is a combination of cutting length and chip thickness 
and correlates with the cutting forces and therefore the tool 
load [17]. 
At the top of Fig. 7 the surface topography of a simulated 
gear is shown. The characteristic line of contact of hob and 
workpiece is visible like in Fig. 6 but the structure of the 
surface is intermittent by small ‘dents’. These dents are a 
result of a tip concentricity of one tooth of the hob auf 
frK = 12 µm. In the diagrams below the mountain map the 
characteristic values chip thickness and chip volume are 
plotted versus the unrolled cutting edge. In each diagram three 
graphs are plotted. The first red, dark-solid graph shows the 
values for the hobbing tooth with the defined deviation. The 
second solid-light graph displays the profile which is next into 
contact between gear and hob after the first one. The last 
graph represents all the rest of the tool profiles, which have all 
nearly the same values. As it is shown the values of the tooth 
with an radial run-out are the highest for both values, while 
the following tooth has the lowest. Regarding the maximum 
chip thickness the maximum values for the profile with a 
deviation is 12 % higher than of the ideal teeth of the hob. 
The chip volume of the deviation profile is 21 % higher than 
of all other profiles. As expected, the values of the following 
profile are in both cases the same amount lower as the values 
of the deviation profile are higher than the other teeth of the 
hob. This observation shows that there is a significant 
influence of tool deviations on characteristic values. 
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Fig. 7. Characteristic values of a hob with a tip-concentricity deviation 
5. Summary 
A new method for simulating the effect of deviations of 
tool and clamping in the hobbing process is presented in this 
paper. The simulation calculates characteristic values, 
resulting chip geometry and cutting forces by an planar 
intersection calculation of transverse section of both 
workpiece and tool. The presented method now gives the 
possibility of taking deviations of tool and clamping into 
account. Therefore the tolerances of hobs are analyzed and 
simulated. After calculating surface topographies of the 
workpiece these, can be measured with the help of a virtual 
measurement machine. The measurements are analyzed by 
different standards and the resulting gear quality is 
determined. 
Besides it is possible to calculate characteristic values for 
the process which can be used in a process design. For one 
example it is shown that deviations of the tool have an effect 
on the characteristic values chip thickness and chip volume 
and have to be considered in the design process to prevent 
tool failure.  
The presented method allows the design department and 
the process planners to reduce costs in the development of 
gears and machining processes.  
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